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screening examinations in terms of their effect on the inci-
dence of stroke and CAD at the population and individual 
levels. In Japan, hypertension (HT) has a greater effect on 
CVD morbidity than other risk factors (i.e., dyslipidemia, 
cigarette smoking, and diabetes mellitus), and 3 Japanese 
cohort studies completed by the early 1990 s showed that 
approximately 40% of excess stroke events were attribut-
able to HT.4–6 However, the contributions of HT and other 
risk factors to the occurrence of CVD events could change 
with time and have not been examined since the late 1990 s 
in Japan. Furthermore, although representative clinical 
guidelines for the management of HT have recommended 

C ardiovascular disease (CVD) is a major cause of 
death and disability in all countries, making the 
primary prevention of CVD a global health prior-

ity.1 In Japan, a national program to prevent CVD was 
launched in 1982 under the Law of Health and Medical 
Services for the Elderly. This national program, which 
includes cardiovascular screening examinations such as 
blood pressure measurement, urinalysis, blood chemistry, 
anthropometric measurements, ECG, and retinal photog-
raphy, has been reported to contribute to preventing stroke 
and coronary artery disease (CAD) nationwide.2,3

In this study, we evaluated the risk factors assessed at 
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Background:  In Japan, a community-based screening program for cardiovascular disease (CVD) has been effective in preventing 
stroke and coronary artery disease (CAD). The present study aimed to clarify which risk factors assessed at the screening examina-
tions affect the incidence of CVD and the magnitude of the association after the late 1990 s.

Methods and Results:  We conducted a 12.5-year prospective study of 10,612 Japanese residents aged 40–74 years between 
1995 and 2000, initially free of CVD and who underwent the screening examinations. During the follow-up, 364 cases of stroke and 
137 cases of CAD were identified. The population attributable fraction of stroke was the largest for hypertension (HT; 46%), while 
the relative risk of stroke was the highest for atrial fibrillation (multivariable hazard ratio, 4.9; 95% confidence interval, 2.9–8.3). The 
population attributable fraction of CAD was relatively large for HT, current smoking, and high non-high-density lipoprotein cholesterol 
(20–29%). A dose-response relationship was found between the incidence of these cardiovascular events and the number of comor-
bid hypertensive subclinical organ damage markers: funduscopic changes, ST-T changes on ECG at rest, proteinuria and low esti-
mated glomerular filtration rate.

Conclusions:  HT and hypertensive subclinical organ damage are significantly associated with incident stroke and CAD at the 
population level, suggesting that management of HT and assessment of subclinical organ damage in hypertensive subjects at a 
screening program are still beneficial for community-based CVD prevention.
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rate (eGFR) was then calculated based on a standardized 
formula from the Japan Society of Nephrology Chronic 
Kidney Disease Initiative: eGFR (mL/min/1.73 m2)=194× 
(serum creatinine [enzyme method])−1.094×(age)−0.287×(0.739 
for women).14

Standard 12-lead ECG was performed at rest in the 
supine position. Well-trained physicians assessed each 
ECG using Minnesota codes.15 A retinal photograph was 
taken for 1 eye (almost always the right eye) using a non-
mydriatic fundus camera by medical examiners after 5 min 
of dark adaptation. Retinal arteriolosclerosis was evalu-
ated by well-trained physicians and examiners using the 
modified Scheie classification criteria.16 Electrocardio-
graphic and funduscopic diagnoses were conducted by 2 or 
more researchers who had all received the same training. 
An interview was conducted to ascertain smoking status, 
number of cigarettes smoked per day, usual intake of alco-
hol and the use of medications for chronic diseases includ-
ing HT, dyslipidemia and diabetes mellitus.

Subclinical Organ Damage
Assessment of potential subclinical organ damage as an 
intermediate marker of CVD is recommended in several 
international clinical guidelines for the management of 
HT.7–10 Although these guidelines list several signs of sub-
clinical organ damage, we adopted the following 4 markers 
because they could be measured less invasively at the 
screening examinations: funduscopic changes (defined as 
modified Scheie classification ≥H1 or ≥S1), resting ECG 
ST-T changes (Minnesota code 4-1 to 4-3 or 5-1 to 5-3), 
proteinuria (≥1+), and low eGFR (<60 mL/min/1.73 m2).

Follow-up and Ascertainment of CVD
The subjects were followed to determine the incidence of 
stroke and CAD up to 2012 for Ikawa and Yao, 2010 for 
Kyowa, and 2005 for Noichi. Follow-up was terminated at 
the first incidence of stroke or CAD, exit from the com-
munity, or death. During follow-up, 413 (4%) subjects 
moved out of their community and 1,274 (12%) died. 
These individuals were censored at the date of moving or 
death.

Information on the CVD incidents was collected from at 
least 1 of the followings: death certificate; national health 
insurance claims; reports from local physicians, public 
health nurses and health volunteers; annual cardiovascular 
risk surveys; or a household questionnaire. To confirm the 
diagnosis of CVD, all living patients were telephoned, 
visited, or invited to take part in annual health checkups to 
obtain a medical history. Next, the study physicians 
reviewed the medical records at local clinics and hospitals. 
In cases of death with certain underlying causes of death 
(ICD 10 classification codes: I20–22, I50 and I60–69), 
medical histories were obtained from families and/or local 
physicians, and medical records were reviewed.

Stroke was defined as a constellation of neurological 
deficits that were sudden or rapid in onset and lasted at 
least 24 h or until death. Stroke subtypes were classified as 
subarachnoid hemorrhage, intraparenchymal hemorrhage, 
ischemic stroke (lacunar infarction or large-artery occlu-
sive infarction) primarily by using CT or MRI,17 which 
were available for 89% of total stroke cases. Stroke cases 
without imaging studies were subclassified according to the 
clinical criteria4 as subarachnoid hemorrhage, intrapa-
renchymal hemorrhage, ischemic stroke and stroke of 
undetermined type. The criteria for CAD were modified 

CVD risk evaluation using assessments of subclinical 
organ damage (i.e., ECG changes, funduscopic changes, 
and chronic kidney disease),7–10 few studies have addressed 
the CVD risk comparatively for these markers of subclini-
cal organ damage at the population level.

The aim of this study was to investigate the relative and 
attributable risks associated with stroke and CAD inci-
dence for each component of the screening examination, 
including markers of subclinical organ damage, in an 
established cohort of Japanese residents after the late 
1990 s.

Methods
Study Cohort
The study cohort comprised residents aged 40–74 years 
who participated in annual health checkups conducted 
between 1995 and 2000 in 4 communities in the Circulatory 
Risk in Communities Study (CIRCS):4 Ikawa, a town in 
Akita Prefecture; Minami-Takayasu, a district in the city 
of Yao in Osaka Prefecture; Noichi, a town in Kochi 
Prefecture; and Kyowa, a town in Ibaraki Prefecture in 
Japan. All residents aged 40 years and older were annually 
recruited by the municipal government to be assessed for 
CVD risk factors. The overall participation rate was 37% 
of the census population. After excluding participants with 
a history of stroke or CAD, the data for the remaining 
10,612 subjects (3,960 men and 6,652 women) were ana-
lyzed. Informed consent was obtained from community 
leaders and was implied by individual participation in 
health checkups; this was common practice before the year 
2000 in Japan, based on the guidelines of the Council for 
International Organizations of Medical Science.11 The 
study was approved by the Ethics Committee of the Osaka 
Center for Cancer and Cardiovascular Disease Prevention, 
University of Tsukuba, and Osaka University.

Health Checkup Examinations
Height and weight were measured with the subjects wear-
ing socks and light clothing. Systolic and 5th-phase dia-
stolic blood pressures (SBP and DBP) in the right arm 
were measured using a standard epidemiological method 
by trained physicians using standard mercury sphygmoma-
nometers with cuffs that were 14 cm wide and 51 cm long.12 
The participants were seated and had rested for 5 min 
before the measurements. The blood pressure measure-
ment was repeated after 5 deep breaths if SBP ≥140 mmHg 
or DBP ≥90 mmHg. In this study, the first reading was 
used for the analyses. Dipstick urinalysis was performed 
with spontaneously voided fresh urine to assess protein-
uria, glycosuria, and hematuria.

Blood was drawn from the arm regardless of fasting 
status and immediately centrifuged to separate the serum. 
Total serum and high-density lipoprotein cholesterol 
(HDL-C), triglycerides, glucose, and creatinine were mea-
sured using standardized methods with a Hitachi 7250 
autoanalyzer (Hitachi Medical, Ibaraki, Japan) at the 
Osaka Medical Center for Cancer and Cardiovascular 
Diseases laboratory, an international member of the US 
National Cholesterol Reference Method Laboratory 
Network.13 NonHDL-C was calculated as total cholesterol 
minus HDL-C. Serum creatinine values, originally mea-
sured using the Jaffe method, were converted to those 
established with the enzymatic method by subtracting 
17.68 µmol/L (0.2 mg/dL). Estimated glomerular filtration 
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analysis of covariance or χ2 tests. Hazard ratios (HRs) and 
95% confidence intervals (CIs) for stroke and CAD were 
calculated with the referent group consisting of individuals 
without each risk factor by Cox proportional hazards 
models. Person-years were calculated as the sum of indi-
vidual follow-up duration until the occurrence of stroke or 
CAD, death, or moving from the community, whichever 
occurred first.

We adjusted for age, sex and community in the initial 
model calculating HRs, and further adjusted for other 
potential confounding variables including HT (SBP/DBP 
≥140/90 mmHg or current use of antihypertensive med-
ication), high nonHDL-C (≥3.62 mmol/L or current 
use of cholesterol-lowering medication), low HDL-C 
(<1.03 mmol/L), hypertriglyceridemia (fasting serum tri-
glycerides ≥1.69 mmol/L or non-fasting serum triglycerides 
≥2.82 mmol/L), hyperglycemia (fasting serum glucose 
≥6.11 mmol/L or non-fasting serum glucose ≥7.77 mmol/L,20 
or current use of antidiabetic medication), atrial fibrilla-
tion (Minnesota code 8-3-1 or 8-3-2), current smoking (or 
heavy smoking defined as ≥20 cigarettes/day) and current 
drinking (or heavy drinking defined as ≥46 g ethanol/day) 
in the multivariable-adjusted model. Multivariable HRs 
for metabolic syndrome (MetS) defined from the modified 
Japanese definition21 were adjusted for age, sex, commu-
nity, high nonHDL-C, atrial fibrillation, and smoking and 
drinking status. We calculated the population attributable 

from those of the World Health Organization Expert 
Committee,18 as previously reported in detail.19 In brief, 
the indication for definite myocardial infarction (MI) was 
typical severe chest pain (lasting ≥30 min and with no defi-
nite nonischemic cause) accompanied by new, abnormal, 
and persistent Q or QS waves, consistent changes in car-
diac enzyme levels, or both. If the electrocardiographic and 
enzyme levels were nondiagnostic or not obtainable, but 
the patient had typical chest pain, a diagnosis of possible 
MI was made. Angina pectoris was defined as repeated 
episodes of chest pain during effort, especially when walk-
ing, usually disappearing rapidly after the cessation of 
effort or with the use of sublingual nitroglycerin. Sudden 
cardiac death (SCD) was defined as death within 1 h of 
symptom onset, a witnessed cardiac arrest, or abrupt col-
lapse not preceded by ≥1 h of symptoms. We excluded 
SCD cases in which the cause of death was diagnosed as 
stroke, lethal arrhythmia, cardiomyopathy, or other 
organic heart diseases. CAD was defined as including defi-
nite or probable MI, angina pectoris, and SCD. The final 
diagnosis of stroke and CAD was made by a panel of 3 or 
4 study physicians who were blinded to the baseline data.

Statistical Analysis
Age- and community-adjusted mean values or prevalence 
of baseline characteristics were compared between partici-
pants with and without subsequent stroke and CAD using 

Table 1.  Baseline Characteristics for Study Participants Developing Stroke or CAD or Remaining Free of Cardiovascular Disease 
(CIRCS 1995–2000)

Men (n=3,960) Women (n=6,652)

Stroke CAD Free of CVD Stroke CAD Free of CVD

n 188 94 3,678 176 43 6,433

Age, years   63.3§     61.6‡ 58.4   64.2§  63.5§ 57.1

Systolic BP, mmHg 139.8§   136.4 133.9　　 135.9‡ 130.4　　 131.5　　
Diastolic BP, mmHg   86.6§     83.9 82.7   81.9‡  81.7　 79.3

Antihypertensive medication use, %   30.0§     24.7 17.3   33.2§  37.3§ 16.2

Hypertension, %   73.0§     62.0 52.4   64.3§  64.3† 45.0

NonHDL-C, mmol/L       3.79         4.13§     3.76       3.91      4.03　     4.02

HDL-C, mmol/L       1.38         1.25§     1.40       1.49      1.46　     1.54

Lipid-lowering medication, %     4.9       2.9   2.8     2.3    4.5　   5.6

High nonHDL-C, %   56.5     72.4‡ 55.3   59.8  57.1　 65.6

Low HDL-C, %   13.9     28.5§ 13.6     6.4    1.5　   5.6

Hypertriglyceridemia, %   23.4*     30.1‡ 17.6   11.4  15.6　 12.8

Hyperglycemia, %   27.8‡     30.9‡ 18.6   14.7†    4.4　   9.5

Antidiabetic medication, %       4.1       7.0†   2.9     5.3‡    0.0　   2.1

Atrial fibrillation, %     4.4§       0.8   1.1     3.2§    4.5§   0.2

Current smoking, %   54.5     58.2 49.0     6.8  13.2*   5.6

Heavy smoking, %   36.1     51.5‡ 34.9     1.1    2.8　   1.8

Current drinking, %   75.6     60.0‡ 73.3   10.7  12.8　 14.1

Heavy drinking, %   37.6‡     22.7 27.9     0.8    0.2　   0.6

BMI, kg/m2   23.7     23.8 23.4   24.1†  24.0　 23.4

MetS, %   13.1     21.7 15.4   13.7    9.6　 10.5

Funduscopic changes, %   40.7§     29.6‡ 17.0   30.9§  24.3　 15.3

ECG ST-T changes, %   11.6§     12.0‡   5.0   10.0    5.2　   6.8

Proteinuria, %     7.3‡       8.4†   3.2     2.5    0.0　   1.2

Low eGFR, %   20.8†     21.8* 14.4   17.2‡  24.0‡ 10.4

Values are means or prevalence, adjusted for age and community. *P<0.1, †P<0.05, ‡P<0.01, §P<0.001 (difference from ‘Free of CVD’). BMI, 
body mass index; BP, blood pressure; CAD, coronary artery disease; CIRCS, Circulatory Risk in Communities Study; CVD, cardiovascular 
disease; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; MetS, metabolic syndrome.
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Results
After a mean follow-up of 12.5 years (median, 13.1 years), 
we documented 364 strokes (188 in men, 176 in women) 
and 137 CAD events (94 in men, 43 in women). Stroke 
subtypes consisted of 126 hemorrhagic strokes, including 
87 intraparenchymal hemorrhages and 39 subarachnoid 
hemorrhages; 232 ischemic strokes, including 127 lacunar 
infarctions, 67 large-artery occlusive infarctions and 38 
unclassified infarctions; 6 strokes were of undetermined 
type. CAD consisted of 74 cases of MI, 35 of angina pec-
toris, and 28 of SCD.

Table 1 shows the age- and community-adjusted means 
and prevalence of baseline characteristics for stroke and 
CAD cases and for those who remained free of CVD. 
Among men and women who developed stroke, there 
was more HT, higher prevalence of hyperglycemia, atrial 
fibrillation, funduscopic changes, and lower eGFR. 
Furthermore, men who developed stroke had higher prev-

fraction (PAF) to estimate the contribution of each risk 
factor to the total stroke or CAD events with a standard 
formula: PAF=prop×(HR−1)/HR, where prop is the pro-
portion of cases falling into each category and HR is the 
multivariate HR in the category.22

We also calculated the risk of stroke and CAD associ-
ated with 4 markers indicating subclinical organ damage 
with HT. We conducted tests for trends across categories 
based on the number of markers of subclinical organ dam-
age by assigning median values for each category (0, 1, 2, 
3 or more) and testing for effect modification with sex 
using an interaction term generated by multiplying the 
median value for each category by sex. Probability values 
for statistical tests were 2-tailed. P<0.05 was regarded as 
statistically significant. SAS (version 9.4, SAS Institute, 
Cary, NC, USA) was used for all analyses.

Table 2.  HR and PAF of Stroke and CAD in CIRCS 1995–2000

No. at risk Person-years

Stroke

No. of 
cases

Crude  
incidence,  
per 1,000  

person-years

Age-, sex- and 
community-
adjusted HR  

(95% CI)

Multivariable  
HR (95% CI)|| PAF, %

Hypertension 5,156 62,624 279　　 4.5  2.6 (2.0–3.3)§  2.5 (2.0–3.3)§ 46 (35–56)

High nonHDL-C 6,446 81,498 216　　 2.7 1.0 (0.8–1.2) 0.9 (0.7–1.1) –

Low HDL-C    907 10,530 39 3.7 1.2 (0.8–1.6) 1.1 (0.8–1.5) –

Hypertriglyceridemia 1,566 19,417 66 3.4 1.2 (0.9–1.6) 1.0 (0.8–1.4) –

Hyperglycemia 1,401 15,873 86 5.4  1.6 (1.3–2.1)§  1.4 (1.1–1.8)‡ 7 (2–12)

Atrial fibrillation      67      624 15 24.1　　  4.6 (2.7–7.8)§  4.9 (2.9–8.3)§ 3 (1–5)　　
Current smoking 2,335 28,409 104　　 3.7 1.1 (0.8–1.5) 1.1 (0.8–1.6) –

    Heavy smoking 1,520 18,489 59 3.2 1.0 (0.7–1.5) 1.0 (0.7–1.5) –

Current drinking 3,814 46,464 149　　 3.2 1.0 (0.8–1.4) 0.9 (0.7–1.3) –

    Heavy drinking 1,129 13,956 65 4.7  1.5 (1.0–2.1)* 1.2 (0.8–1.8) –

MetS 1,308 15,866 51 3.2  2.7 (1.6–4.4)§  2.8 (1.7–4.7)§ 9 (5–13)

CAD

No. of cases

Crude  
incidence,  
per 1,000  

person-years

Age-, sex- and  
community- 
adjusted HR  

(95% CI)

Multivariable  
HR (95% CI)|| PAF, %

Hypertension 93 1.5 1.8 (1.2–2.6)‡ 1.8 (1.2–2.5)‡ 29 (9–45)

High nonHDL-C 67 0.8 1.7 (1.1–2.6)† 1.4 (0.9–2.2)　 20 (0–40)

Low HDL-C 28 2.7 2.2 (1.4–3.3)§ 1.7 (1.1–2.6)†   8 (0–16)

Hypertriglyceridemia 35 1.8 1.8 (1.2–2.7)‡ 1.4 (1.0–2.2)*   7 (0–17)

Hyperglycemia 33 2.1 1.6 (1.1–2.4)† 1.4 (1.0–2.2)*   7 (0–16)

Atrial fibrillation   3 4.8 – – –

Current smoking 57 2.0 1.8 (1.1–3.2)† 2.0 (1.1–3.5)† 21 (4–34)

    Heavy smoking 46 2.5 2.4 (1.3–4.4)‡ 2.6 (1.4–4.8)‡ 21 (8–31)

Current drinking 59 1.3 0.6 (0.4–0.8)‡ 0.5 (0.3–0.8)‡ –

    Heavy drinking 19 1.4 0.5 (0.3–0.9)† 0.4 (0.2–0.8)‡ –

MetS 25 1.6 1.7 (0.9–3.2)* 1.7 (0.9–3.2)　 –

*P<0.1, †P<0.05, ‡P<0.01, §P<0.001. ||Adjusted for age, sex, community, and other confounding variables including hypertension, high 
nonHDL-C, low HDL-C, hypertriglyceridemia, hyperglycemia, atrial fibrillation (only for stroke), smoking and drinking status. For MetS, HR was 
adjusted for age, sex, community, high nonHDL-C, atrial fibrillation (only for stroke), and smoking and drinking status. HRs and PAFs were 
calculated only when there were ≥5 cases. PAF was calculated only when the HR with adjustment for age, sex, and community was statisti-
cally significant (P<0.05). CI, confidence interval; HR, hazard ratio; PAF, population attributable fraction. Other abbreviations as in Table 1.
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PAFs of both hemorrhagic and ischemic stroke: 57% and 
42%, respectively.

The risk for CAD adjusted for age, sex, and community 
was 1.6–2.4-fold higher in the presence of every risk factor 
except alcohol consumption, which was associated with a 
40–50% lower risk of CAD (Table 2). Multivariable adjust-
ment did not weaken the positive associations for HT and 
current or heavy smoking with CAD. PAFs of CAD were 
relatively larger for HT, current or heavy smoking, and 
high nonHDL-C (20–29%) than for other risk factors. The 
PAFs of CAD tended to vary by sex (Table S1). In men, 
high nonHDL-C had the largest PAF (38%) of CAD, fol-
lowed by heavy smoking (28%), whereas, in women, the 
PAF due to HT was the largest (48%).

Table 3 shows the risk of stroke and CAD associated 
with 4 markers of subclinical organ damage in the presence 
of HT. Compared with non-hypertensive subjects, the mul-
tivariable HRs for each marker of hypertensive subclinical 
organ damage were 3.6–4.9 for stroke and 2.6–3.9 for 
CAD. There was no interaction with sex (P for interaction 
>0.05). The risk of stroke and CAD was linearly associated 
with the number of comorbid hypertensive subclinical 
organ damage markers. The dose-response relationship 
was more noticeable for stroke than for CAD, for which 

alence of heavy drinking, ST-T changes on ECG and pro-
teinuria, while women developing stroke had higher mean 
body mass index. Men who developed CAD had higher 
prevalence of dyslipidemia, hyperglycemia, heavy smok-
ing, funduscopic changes, ECG ST-T changes, proteinuria, 
and lower prevalence of current drinking compared with 
those who did not develop CVD. Women who developed 
CAD had more HT, higher prevalence of atrial fibrillation 
and low eGFR, and tended to have higher prevalence of 
current smoking.

Table 2 shows the HRs and PAFs of stroke and CAD in 
the presence of each risk factor. Atrial fibrillation was 
associated with the strongest risk of stroke (multivariable-
adjusted HR, 4.9) followed by MetS, HT and hyperglyce-
mia. In contrast, the PAF of stroke was the largest for HT 
at 46%, which was much larger than for other risk factors. 
These results were similar for men and women (Table S1). 
When stratified by hemorrhagic and ischemic strokes, HT 
and MetS were associated with increased risk of both types 
of stroke, but their associations were appeared stronger for 
hemorrhagic than for ischemic stroke (Table S2). Arial 
fibrillation markedly increased the risk of ischemic stroke 
(multivariable-adjusted HR, 6.0), and hyperglycemia also 
increased the risk of ischemic stroke. HT had the largest 

Table 3.  HR of Stroke and CAD for the Markers of Subclinical Organ Damage With Hypertension in CIRCS 1995–2000

No. at  
risk

Person-
years

Stroke CAD

No. of  
cases

Crude  
incidence, 
per 1,000 
person-
years

Age-,  
sex- and  

community-
adjusted HR 

(95% CI)

Multivari-
able HR 

(95% CI)‡

No. of  
cases

Crude  
incidence, 
per 1,000 
person-
years

Age-,  
sex- and  

community-
adjusted HR 

(95% CI)

Multivariable 
HR (95% CI)‡

�Nonhypertensive 
subjects

5,443 70,161   85    1.2 1.0 1.0 44 0.6 1.0 1.0

�Hypertensive 
subjects with

  �  Funduscopic 
changes

1,157 13,801 100   7.2 3.8  
(2.8–5.2)†

3.8  
(2.8–5.1)†

33 2.4 2.5  
(1.6–4.0)†

2.6  
(1.6–4.2)†

  �  ECG ST-T 
changes

   456   5,199   40   7.7 4.0  
(2.7–5.9)†

3.8  
(2.5–5.6)†

13 2.5 3.0  
(1.6–5.6)†

2.8  
(1.5–5.4)†

    Proteinuria    163   1,629   18 11.0 5.1  
(2.9–8.7)†

4.9  
(2.8–8.4)†

  7 4.3 4.0  
(1.8–9.0)†

3.9  
(1.7–8.8)*

    Low eGFR    781   8,724   75   8.6 3.7  
(2.7–5.2)†

3.6  
(2.6–5.0)†

27 3.1 3.0  
(1.8–4.9)†

2.7  
(1.6–4.5)†

  �  No. of  
subclinical 
organ damage 
markers§

        0 2,451 30,528   88   2.9 2.0  
(1.5–2.7)†

1.9  
(1.4–2.6)†

31 1.0 1.3  
(0.8–2.1)

1.4  
(0.9–2.2)

        1 1,366 16,448   79   4.8 2.5  
(1.8–3.4)†

2.5  
(1.8–3.4)†

30 1.8 2.0  
(1.2–3.2)*

2.0  
(1.2–3.2)*

        2    352   3,937   45 11.4 5.7  
(4.0–8.3)†

5.6  
(3.8–8.1)†

18 4.6 4.7  
(2.7–8.2)†

4.6  
(2.6–8.1)†

        3+      57      547   11 20.1 8.0  
(4.0–16.0)†

8.2  
(4.1–16.5)†

  3 5.5 – –

        P for trend <0.001 <0.001 <0.001 0.001

  �  HR for an 
increase of 1 
category 
number

1.7  
(1.5–1.9)†

1.7  
(1.5–1.9)†

1.6  
(1.3–1.8)†

1.5  
(1.3–1.8)†

*P<0.01, †P<0.001. ‡Adjusted for age, sex, community, and other confounding variables including high nonHDL-C, low HDL-C, hypertriglyceri-
demia, hyperglycemia, atrial fibrillation (only for stroke), and smoking and drinking status. §Indicate the number of subclinical organ damage 
markers comprising funduscopic changes, ECG ST-T changes, proteinuria, or low eGFR. HRs were calculated only when there were ≥5. 
Abbreviations as in Tables 1,2.
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strategy.

Study Limitations
First, the relatively small number of incident cases led to 
wide CIs for PAF due to several risk factors and difficulties 
in generating sex-specific results. Second, our criteria for 
CAD did not include unstable angina. This failure might 
have resulted in underestimation of the CAD burden in the 
present study, because recent progress in coronary inter-
vention therapies has decreased the incidence of typical 
MI. Third, although we found a high risk of CVD associ-
ated with hypertensive subclinical organ damage, evaluat-
ing their predictive ability for CVD incidence is necessary 
in future studies. Fourth, the study participants were 
limited to Japanese residents, so it is uncertain whether our 
findings can be generalized to other populations. However, 
we infer that the magnitude of hypertensive subclinical 
organ damage markers for CVD incidence would be 
similar in other countries where CVD is a major burden, 
because HT is the most prevalent risk factor for stroke 
across major regions of the world.24 Fifth, among the 
surveyed areas, Noichi had a short follow-up period for 
ascertainment of CVD because of discontinuation of the 
investigation in 2005 resulting from municipal mergers. 
However, when we excluded the subjects (2,582 residents 
at risk, 59 stroke and 19 CAD events) from Noichi, the 
magnitude of the association between each risk factor and 
the incidence of CVD was similar to the present findings 
that included the subjects from Noichi, while retaining the 
proportionality of a Cox proportional hazard model (data 
not shown). Therefore, we included the subjects from 
Noichi in the analysis to increase the statistical power. 
Finally, each risk factor was measured only once, which 
may have weakened the associations with the incidence of 
CVD, resulting in dilution bias, because of temporal 
changes and random errors in measurement of the expo-
sure variables.30 We did not evaluate the dilution bias using 
replicated measurements of the risk factors during the 
follow-up period in this study.

In summary, this population-based study of Japanese 
residents revealed that HT still has the largest effect on the 
incidence of stroke and CAD at the population level since 
the late 1990 s: the PAF of stroke and CAD due to HT was 
46% and 29%, respectively. Atrial fibrillation had a strong 
individual-level effect on ischemic stroke, and smoking and 
dyslipidemia were associated with the incidence of CAD. 
Hypertensive subclinical organ damage was cumulatively 
associated with the risk of incident stroke and CAD, 
suggesting ECG, retinal photography, urinalysis and esti-
mation of GFR for hypertensive persons are useful com-
ponents of a community-based screening examination to 
prevent CVD. From a public health perspective, we infer 
that blood pressure measurement and less invasive assess-
ments of subclinical organ damage in hypertensive subjects 
would be beneficial in other countries where CVD is a 
major burden, because Japan has achieved successful pre-
vention of stroke and CAD using this screening examina-
tion in a national prevention program.2,3
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the HR at ≥3 subclinical organ damage markers was 
not calculated because of the small number of cases. 
Compared with the non-hypertensive group, the multivari-
able HR (95% CI) for hypertensive subjects with ≥2 mark-
ers of subclinical organ damage was 5.9 (4.1–8.4) for stroke 
and 4.5 (2.6–7.8) for CAD.

Discussion
This 12.5-year follow-up study of more than 10,000 
Japanese residents revealed that, as in the late 1990 s, HT 
still had the largest effect on the incidence of stroke and 
CAD at the population level, despite a downward trend in 
blood pressure levels and an increasing prevalence of anti-
hypertensive medication use over the last decades of the 
20th century in Japan.23 The PAF of HT for stroke in the 
present study was 46%, which was consistent with findings 
from a recent international study in 32 countries24 and 3 
previous Japanese cohort studies from the late 1980 s5 and 
early 1990 s.4,6

Comparing the individual effects of risk factors on 
stroke, it was apparent that atrial fibrillation was strongest 
risk factor for stroke, with an HR of approximately 5. On 
the other hand, the PAF of stroke due to atrial fibrillation 
was only 3% because of the very low prevalence of atrial 
fibrillation (0.6% in men and women). However, we may 
have underestimated the prevalence of atrial fibrillation 
because we examined only the standard ECG from a single 
health checkup, therefore the assessment of paroxysmal 
atrial fibrillation was insufficient.

In contrast to stroke, the relative risk of CAD was simi-
lar for a variety of risk factors (HT, low HDL-C, hypertri-
glyceridemia, hyperglycemia and smoking). Significant 
associations between these factors and incident CAD were 
in general agreement with previous findings from Japanese 
epidemiological studies.25–28 The present study also showed 
that HT, smoking, and high nonHDL-C were the top 3 
contributors to incident CAD, with PAFs of 20–29%, sug-
gesting that combined control may be more effective in 
preventing CAD.

Another novel finding of the present analysis was that 
each of the 4 markers of hypertensive subclinical organ 
damage (funduscopic changes, resting ECG ST-T changes, 
proteinuria, and low eGFR) was associated with approxi-
mately 3- and 4-fold higher risks of CAD and stroke, 
respectively, and these markers cumulatively increased the 
individual risk for CVD in a dose-response fashion. Com-
pared with non-hypertensive subjects, those with HT and 
had ≥2 markers of subclinical organ damage exhibited a 
5-fold increase in the risk of both stroke and CAD. These 
markers were considered to be reflective of the severity and 
duration of HT. To our knowledge, this is the first pro-
spective study in a population-based sample to demon-
strate the cumulative magnitude of markers of subclinical 
organ damage that are assessable at a screening examina-
tion, although a study in Copenhagen29 showed that CVD 
risk increased with higher numbers of damaged organs, as 
assessed by echocardiography, pulse wave velocity, carotid 
ultrasound, and the urinary albumin/creatinine ratio. 
Although international clinical guidelines for the manage-
ment of HT recommend assessing subclinical organ dam-
age before deciding on a therapeutic strategy,7–10 our 
finding suggests that subclinical organ damage assessment 
for hypertensive subjects at the screening examination 
might be useful for preventing CVD as a population 
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